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THE WATERWORKS OF EUROPE. 


I. GREAT BRITAIN. 


The demand for untainted water, supplied in regular distributions, has 
become a question of paramount importance to our great cities. The prob- 
lems connected with water consumption engage the attention of the most 


intelligent men in the country, and call for the continuous use of highly 


skilled labor and unflagging enterprise. As the cities broaden, as the centers 
of population multiply, as the old methods become defective, new and im- 
proved systems must be evolved, further ineans aud methods must be discov- 
ered which will bring us nearer to the ever-receding perfection. 

We may make radical differences in our clothing, our food and our 
fuel, but until the end of time we shall not dispense with our water supply. 
Its needs are imperative, and its calls upon our engineering skill, our invent- 
ive fertility and adaptability, and our municipal enterprise and atnbition 
are imperious and unrelenting, and the closer we can study, the more thor- 
oughly we can comprehend the difficulties which have been faced, the prob- 
lems which have been solved, and the obstacles which have been surmounted 
by others, the more easily shall we discover the trne inwardness of the difh- 
culties which beset us and the barriers which obstruct our way. In the 


comparative method hes continuous progress and enterprise without cease. 


Some of the most in:portant and intricate engineering problems which 
are connected with the provision of adequate supplies of water are those 
which have been dealt with by some of the towns of the British Isles. It is 
hoped that the following account of the waterworks of some of the principal 
British cities is not too concise to prevent one fully and intelligently grasp- 
ing the nature of the problems which have been faced by the several cities 
named, and the methods in which these problems have been solved. 


MANCHESTER, ENGLAND. - 


Manchester is the biggest cotton manufacturing center in the world. It 
has mills for the working up of fiber of every description. It has a vast 
number of spinning, weaving, printing and bleaching mil!s, some of them 
on a very large scale. By the construction of the Ship Canal it was converted 
into a port with dock accominodation covering 100 acres, a quay area of 150 
acres, and a total length of quay of 6 miles. The tonnage entered yearly is 
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over 500,000 tons. The population of Manchester, including all suburbs, 
according to the Census of 1891, was 999,000. 

The system is the property of and is controlled by the Watela orks Com- 
mittee of the Manchester Corporation. The rates charged for water within 
the city are: Public water rate, one-eightieth of the yearly value of all 
. property, as assessed by the municipality, payable by the owners of property ; 
domestic water rate, three-eightieths of the yearly rental by the occupiers 
of all dwelling houses. No dwelling house is charged less than $1.25 
each per annum if internally, or $1.00 if externally, supplied with water. 
The domestic water rate on houses assessed at $50 and under, and all 
weekly houses assessed above that amount, is charged to the owner, who is 
allowed a discount of thirty per cen{., provided there are not less than three 
in number and payment is made, whether the same shall be ocenpied or 
unoccupied, on or before the 31st of: October of each year. Shops in con- 
nection with dwelling houses are charged the domestic rate upon the whole 
- premises, unless under special circumstances, 

The total daily consumption is 38,000,000 gallons maximum, 25,000,000 
gallons minimum, for a working day ; average for 1897, 28,812,954 gallons. 
The average consumption during the various months of the year can be 
approximately gauged from a study of the following supply of water from 
1894 to 1897 : 


AVERAGE QUANTITY OF WATER SUPPLIED PER DAY. 


1894 1895 1896 1897 

Month. Gallons. Gallons. Gallons. Gallons. 
January - 7 20,527, 723, 26,658,653 26,604,800 , 
February . 22,654,585 32,070,674 26,528,596 27,130,823 
March . < 93¢567, 372 28,282,704 26,423,647 26,912,579 
April - 25,336,895 27,426,276 26,572,055 26,679,041 
May - 25,771,560 29,595,738 _ 28,360,362 28,794,745 
‘June. . 25,564,258 29, 160,569 29,692,130 29,015,340 
July”. : . 26,780,549 29,707,352 30,096,796 32,084,765 
August i) 5 25,058,041 29,185,204 28,394,376 32,176,075 
September . . . 25;998,333 29,939,906 28,628,502 30,565,066 
October . 24,763,728 28,935,573 27,507,132 29,525,831 
November . 25,100,753 27,516,468 26,941,694 28,538,354 
December . 24,241,808 26,234,490 26,097,352 ay, 722.024 

Average . . . 24,954,141 ' 28,740,223 27,683,449 28,812,954 


Taking into account the population of the district supplied, it is found 


that the ordinary consumption of water is about sixteen or seventeen gallons 
per head per day for each person for domestic purposes, and about 
eleven gallons per head per day for trading and public purposes, the total 
consumption, on the average, being about 28,000,000 gallons per day. ‘This, 
however, is on the increase. 

The sources of supply are the Valley of Longdendale on the borders of 
Cheshire and Derbyshire, and Lake Thirlmere, in Cumberland. The ‘Valley 
of Longdendale is situated about eighteen miles east of Manchester, in the 
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counties of Cheshire and Derbyshire. The drainage ground consists of an 
elevated portion of the Pennine chain of hills commonly called the ‘* back- 
bone of England,’ and covers an area of abont 19,300 statute acres, or 30 
square miles, varying in level from about 500 to over 1,900 feet above the 
level of the sea, the geological formation being the lower strata of the coal 
measures, below the coal, ‘‘ Millstone Grit’? forming the cap of the hills and 
the precipitous sides of a large portion of the district. The locality abounds 
in pure water, the rain which falls being described as flowing at times in 
torrents off the steep declivities of the mountains. The works on them are 
estimated to afford a supply of 25,000,000 gallons of water per day on the 
average of the year, in addition to the ‘‘ compensation water ’’ required to 
be sent down the River Etherow. ‘To enable the works to give this supply 
an annual rainfall of fifty inches over the drainage ground is necessary ; 
about seventeen inches of this is lost by evaporation and absorption, leaving 
a net yield of thirty-three inches. 

The principal reservoirs are situated on the River Etherow, which, below 
the works at Tintwistle, runs on through Broadbottom and Compstall to 
Stockport, receiving in its course the tributary waters of the Goyt and a 
nuinber of sinaller streams, and ultimately forms the River Mersey, which 
at Liverpool becomes one of the largest rivers upon which the merchandise 
of the world is borne into England. At the time this source was selected for 
the purpose of forming the waterworks, the valley was studded with small 
_ hamlets, villages and mills, principally engaged in various branches of the 
cotton and woolen trade, the cottages being occupied by the workpeople 
of the district. There were also the usual places of worship, inns and other 
buildings, and the names by which the several reservoirs are now known are 
derived from the hamlets or mills that formerly occupied their site. 

The storage of the water is effected by means of artificial embankments, 
constructed across the valley at various points, extending from Tintwistle to 
Woodhead. From the original ground level at the center of the lowest 
embankment (that of the Bottoms Reservoir) to the upper end of the Wood- 
_head Reservoir, a distance of 5% miles, the total rise in the valleyis 344 feet, 
giving an average inclination of oue inch in 84%, or 62 feetin a mile. The 
erection of these embankments was a work of great labor and cost. The 
ground in the valley was found to be very much disturbed and dislocated, 
aud to consist largely of shale and beds of sandstone, which intervene 
between the millstone grit formation and the limestone, commonly called by 
geologists the ‘‘ Yoredale Rocks,’’ and it was very difficult to find a water- 
tight stratum for the foundations. In the case of the Woodhead embank- 
ment, for instance, the concrete foundation had to be carried to a depth of 
between 50 and 60 feet below the river, the end on the Cheshire side ex- 
tending to a depth of 160 feet from the surface. 

The Woodhead Reservoir is the highest, and is situated near the entrance 
to the well-known Woodhead Tunnel, on the Manchester, Sheffield and 
Lincolnshire Railway. It receives the water of the River Etherow, and also 
of the Heyden Brook and other tributary streams which flow down the 
Heyden Valley on the Cheshire side. The main road to Sheffield is carried 
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over an arm of this reservoir by a series of nine arches, 30 feet span each. 
This reservoir is generally kept below top-level in order to receive floods, 
that sometimes come suddenly, and, if not interrupted by this means, might 
do an incalculable amount of damage to the works, as well as cause serious 
loss of life and property in the valley below. When filled, it will hold 
1,181,000,000 gallons of water. 

The Torside Reservoir is the largest one in the valley, and, in addition 
to being supplied from the Woodhead Reservoir above, it receives the waters 
of the Great and Little Crowden Brooks, which flow down the Crowden 
“Valley on the Cheshire side and the Torside Brook on the Derbyshire side. 
It is also usually kept below top-level for the purpose of dealing with floods, 
in the same way as‘the Woodhead Reservoir. Its holding capacity is 
1,474,000, 000 gallons, or 293,000,000 gallons more than the Woodhead 
Reservoir. 4 a 

Rhodes Wood Reservoir is used for storing the clear spring water for 
‘supplying the city. It is the lowest reservoir in the valley, from which the 
water will flow forward to the Service Reservoirs for the supply to Man- 
chester. Its holding capacity is 500,000,000 gallons. The holding capacity 
of the Vale House Reservoir is 343,000,000 gallons, es of the Bottoms 
Reservoir 407,000,000 gallons. — 

The two last-mentioned reservoirs being donwieaead at a level too low 
‘for the supply to Manchester, are used for storing the discolored water col- 
lected in time of heavy rain and flood, which is used as ‘‘ compensation 
water’? for the river, The gauge basin through which the water passes is 
placed at the foot of the Bottoins Reservoir embankment near Tintwistle 
Bridge, and at this point ‘the water is delivered into the river. ‘This gauge 
basin is for the purpose of measuring the quantity of water sent down the 
river, which is required to be equal to an average of about 16,000,000 gallons 
per day for the six working days of the week (less being sent on Saturday 
“and more on the other five days by arrangement with the mill owners). The 
weekly quantity is 95.274,144 gallons. 

In addition to the reservoirs already dlentioned: there are those at Arn- 
field and Hollingworth and the service reservoirs nearer Manchester. The 
Arnfield and Hollingworth Reservoirs are situated about half a mile from 
Tintwistle Bridge, and impound the waters of the Arnfield and Hollingworth 
Brooks, and supplement the supply from the main valley. Their elevation 
is sufficient to enable the water to flow from them to the Godley Service 
Reservoir. They are, therefore, available for the supply to Manchester. In 
- time of flood, when the water is discolored, the water from these brooks can 
also be conveyed by means of a tunnel known as the Tintwistle Tunnel, over 
a mile in length, to the Bottoms Reservoir, to be there used as ‘‘ conipensa- 
tion water’’ for the river. An auxiliary reservoir, formed at the jungtion 
of the River Etherow and the Glossop Brook, about two miles below Tin- 
twistle, is used for regulating the river supply to the mills lower down the 
stream. 
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The following is a summary of the various reservoirs in the Valley of 
Longdendale, showing their area, capacity, depth, and height above ord- 
nance datuin, viz. :— ~ 
COLLECTING AND STORAGE RESERVOIRS AT LONGDENDALE. 


Height of 
‘Top Water 
Level above 


: + Ordnance 
Area, Capacity, Depth, Datum: 
Name of Reservoir. Acres. Gallons. Feet, Feet. In, 
a et aes ks 1, 181,009,090 71 782 0 
ee EE eee 1,474,099,000 84 651 3 
Mmones Wood. . ..0.. 0 54 500,000,000 68 574 6 
EEE EES EE a 7 - 343,000,000 40 503 0 
Ee ra an | 407,000,000. ; 48 486 0 
ge yg 209,000,000 §2 540 3 
FS Gl arama 73,000,000 eee 
SERVICE RESERVOIRS, SUPPLIED FROM THE STORAGE RESERVOIRS. ‘ 
sc als oe AS 61,000,000 21 478 oO 
we oe ee ae 7 30,000,000 20 321 6 
eee les 23,000,000 20 sar 6 
Audenshaw, No.1... .. 80 528,000,000 27% 340 0 
Audenshaw, No.2... . 69 371,000,000 22% 3230 ‘ 
muenenew, NO, 3. ......102... BAF,000,000 —. 2B |, 423° 0 
wee, Woes: SC 84 123,000,000 26 259 O 
oem carwer | B28 100,000,000 aes 244 0 
Peetwiee, oe ae. 4% 20,000,600 | an: S5e..-4 
BRR fg oe als atts Bee 5, 995,000,000 


It will thus be seen that the total quantity of water that can be stored is 
5,985,000,000 gallons ; this quantity will furnish the inhabitants of Manches- 
ter and the district of supply with water at the present rate of demand, and 
also give the ‘‘ compensation water,” for a period of about 150 days, or five 
months, even if no rain should fall during the time. 

The distance to which Manchester has gone recently for its water supply, 
as a new source, is about 100 miles, to the well known Lake Thirlmere, ‘he 
rainfall of this region varies between 50 and 140 inches annually, and the 
lake has been raised by a dam so as to have an area of some Soo acres, the 
dam being at one end, near the intake, while the aqueduct starts near the 
other. The dam is a miassive concrete structure, rising about sixty feet 
above the bottom of the lake, and in some places extending nearly as deep 
in the rock bottom, so as to prevent the passage of any water below it 
through the fissures. On the-up-stream side the dam has an inclination of 
1% inches to every foot of vertical height, and the down-stream face is 
curved to a radius of 100 feet. ‘he water for the city is taken from the lake 
through a tunnel in the rock, and the flow is controlled by elaborate appa- 
ratus. The aqueduct leading from the reservoir is nearly 96 miles long, 14 
niles of this being in tunnel, 37 miles masonry work built in trenches, and 
45 miles cast-iron pipes. The tunnel and masonry portions have a capacity 
of 60,000,000 gallons daily, and the pipe Jine, which can be readily dupli- 
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cated, a present capacity of 12,000,000 gallons. The 48-inch pipes are g feet 
and the 40-inch pipes 12 feet long, and vary from 1 inch to 13f inches in 


thickness, 
The following is a more detailed description of this new source : 


LAKE THIRIMERE, IN CUMBERLAND. 


LEVELS OF LAKE 


Above 
i Sea Level. 
Feet. In. 
Natural level of lal Uy eae, ii. 
Level when raised 20 feet for ee oly of ie fue nstnbeaene 
of 10,000,000 gallonsaday .... Cie. aa. ke 
Level when raised to full extent of 50 fo apt’ 2 
Length of lake when raised 20 feet—3 miles 500 yards. 
Length when raised 5° Nea miles 1100 yards. 
DRAIN AGE AREA TO LAKE. 
Acres. 
Natural drainage area. ... . ‘ a 
Additional drainage area to be ateattar divetted ‘nid iad when re- 
GUE a a ie yes eS ee ye rr 
Total coe ce ek ce ae eh 
AREA AND CAPACITY OF LAKE. 
Ain _ Capacity 
Area (Million 
(Acres). Gallons). 
Watural area. ek se ay maa te 
_ When raised 20 loan for ihe sup} ly ae the first ‘{ralidaient 
of. 10,000,000 Balions’a day... 66. So ss ee ee 2,534 
When*raised to Tull extent of 50 feet... 4, 6.6 Vi sada runes 8,135 


COMPENSATION WATER. 
Gallons per 


24 Hours. 
Quantity of water to be discharged into St. John’s Beck hefore 
diversion of additional drainage area into lake: . . . . . . . 4,126,125 
When lake is raised to full extent of 50 feet.’ 2 .'. . ee 


EMBANKMENT AT LAKE. 


The level of the lake is raised by means of an embankment constructed 
at the outlet into St. John’s Beck. 

The top of the embankment is 6 feet 3 inches above the level of the lake 
when fully raised. 

Length of embankment, 867 feet. 

Width at top of embankment, 18 feet 6 inches. 

Greatest height of embankment from foundation, 1o4 feet 6 inches: 
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AQUEDUCT. 

Aqueduct constructed to convey 50,000,000 gallons a day. 

Diameter of aqueduct, 7 feet. 

Fall of aqueduct, 20 inches per nile. 

Length from Thirlmere to Manchester, 95 miles 1642 yards, viz.: Tunnels, 
14% miles; cut and cover, 3634 miles; pipes, 45 miles. | 

Diameter of straining well for the admission of water into the aqueduct 
from the lake, 37 feet 6 inches. 

The rainfall over the watershed varies from 52 to 137 inches per annum, 

The storage provides 50,000,000 gallons of water per day for 150 days, 
even if no rain falls during that time, without drawing below the original 
margin of the lake. . 

The supply is brought by instalments of 10,000,000 gallons a day, at such 
intervals of time as are found necessary. 

The purchase of the watershed, including the lake and the wayleave for - 
the tunnels and cut and cover, and for the laying of five lines of syphon 
pipes across the valleys from ‘Thirlmere to Manchester, and the works as 
carried out, i. e., all the tunnels, cut and cover, or concrete tunnel con- 
structed near the surface of the ground to convey 50,000,000 gallons per 
day, and one line of pipes to convey 10,000,000 gallons per day to Man- 
chester, cost roughly $12,500,000, 

-The water supplied to Manchester, as is well known, is of excellent 
quality and purity, flowing off the ground through soft, porous rock, and 
absorbing in its progress a quantity of common air and carbonic acid, which 
gives it the sparkling brilliancy and taste of ordinary spring water with the 
softness of rain water. It is exceedingly pleasant to drink, and is entirely 
free from that hardness which makes some water so unsatisfactory for 
domestic and nianufacturing purposes. For bleaching and dyeing it is 
unrivalled, and for washing, cleaning and general household purposes the 
saving to the consumers in the cost of soap and soda, as compared with the 
use of hard water, is estimated at from ¢400,000 to $500,000 per armum, to 
say nothing of the saving which results from its use in trade. : 

The spring watercourse is the channel by which the water is collected 
and conveyed forward from Longdendale for the supply to the city. It runs 
along the entire length of the Cheshire side of the valley, receiving in its 
course the water from the various springs and streams and clean-water 
reservoirs, passes it through three settling tanks at Arnfield and forward to 
the Godley Reservoir by means of a tunnel, nearly two miles long, under 
Mottram Hill. It may also be mentioned that some of the best springs on 
the Derbyshire side of the valley are also conveyed into the spring water- 
course by large cast-iron syphon pipes laid under the bed of the reservoirs. 
The method by which the clear water is automatically separated from the 
flood-water has, in many instances, necessitated the adoption of some very 
interesting mechanical and engineering contrivances. 

The flood watercourse, at a lower level than the spring watercourse, also 
runs along the Cheshire side of the valley, and is used for dealing with heavy 
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floods that often occur in the district and for passing the turbid water, 
which is unfit to be turned into the clear reservoirs, direct to the Vale House 
or Bottoms Reservoir, or, as may be required, running the same into the 
river, and thus preventing the water stored for the city from being disturbed. 
‘The works for carrying out this arrangement are also very ingenious and are 
worth careful study. 

The large valves and sluices which control the supply from one reservoir . 
to another are opened and closed by hydraulic power, the water for working 
them being obtained from a higher level. 

The area supplied with water by the Corporation comprises the city of 
Manchester and 21 adjoining townships, and covers about go square miles. 
Supplies of water in bulk are also given to several local authorities (includ- 
ing the Corporation of Salford) and public companies in adjoining districts, 
who distribute it themselves. The population dependent upon the Man- 
chester Corporation for a supply of water is over 1,000,000 persons. 

Prior to delivery froin the service reservoirs into the mains the water 
passes into a tank or well through copper wire gauze strainers, 30 strands to 
the inch. ‘The main pipes from the service reservoirs to the city are of 36, 
30, 28 and 24 inches diameter. The length of iron piping laid down in the 
streets is upwards of 765 miles, and the length of lead piping laid down is 217 
miles. The number of hydrants or fire cocks on the mains for cleansing pur-— 
poses and extinguishing fires is 14,279. 

The supply is given entirely by gravitation, no pumping being necessary 
to bring the water forward to Mauchester, and, except in dry seasons, the 
water supplied consists largely of spring water collected direct on the drain- 
age ground, or which has previously been stored in the Rhodes Wood, Arn- 
field and Hollingworth Reservoirs and the service reservoirs below. 

The joints of the distributing mains are made with molten lead, of the 
service mains turned and bored pipe joints are made with cement, wide 
socket with molten lead. The entire control of the service pipes is in the 
hands of the Waterworks Conunittee, whose servants attend to all matters 
respecting supply. 

Practically all premises in Manchester are supplied with water. Waste 
is prevented by a system of inspection, and by the testing and stamping of 
all water fittings before being fixed. Meters are not used for domestic sup- 
plies. For other purposes they can be purchased or hired. There are four 
inspectors of meters, seven meter readers and fifteen repairers and fixers. 

Sedimentation to the slight extent found necessary is carried out by 
means of settling tanks before the water is delivered into the service reser- 
voirs. No special system of aeration is in use, but the water in its passage 
from one reservoir to another is broken up by means of steps over which it 
flows. The water is not filtered, and no chemical or other laboratory i is 
maintained by the Corporation in reference to the water supply. 

The supply for fires is taken from the ordinary mains. For this pur- 
pose, no connections are made with large trunk mains. The Fire Brigade, 
which is a separate department, have both steain and other fire engines, but 
as a rule the pressure in the mains is sufficient to extinguish fire. Standpipes 
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are not used. The number of hydrants or fire cocks on the mains for cleansing 
purposes and extinguishing fires is 14,279. The number of valves for regu- 
lating the supply of water is 5,583. The pressure of the water in the mains 
varies from 30 to 130 pounds to the square inch. 

The Manchester Corporation Waterworks has a separate system of 
hydraulic power supply, the object of which is to supply hydraulic power 
for public use from street mains on the high-pressure system to the various 
railway stations, docks and goods depots, and also to wharfs, warehouses 
aud works, for lifting, pressing, stamping, working motors, etc. Its pro- 
vision by the corporation effects a reduction in the cost of hydraulic power, 
and enables small consumers to adopt it with advantage, the present system 
of generating power on private premises being found too costly for many 
purposes. ; 

For ordinary work the normal pressure of 1000 pounds per square inch, 
delivered direct from the corporation mains, without any intermediate 
machinery, is found to be ample. When heavy packing for shipment is 
required, a further pressure is obtained by the use of intensifiers. The 
intensifiers consist of a cylinder with differential arms so arranged that the 
pressure can be increased to any extent desired. The cost of intensifiers 
varies from $500 to $2000 each, according to the capacity and power required, 
which is determined by the size of the presses and the pressure needed to act 
thereon. If desired, power water can be supplied for working presses as 
far as the normal limit, leaving the finishing at an increased pressure to be 
done by means of consumers’ own steain or hand-pumps instead of inten- 
sifiers. 

‘The system of supply has been in operation for nearly four years, and 
upwards of fourteen miles of mains are now laid within the principal streets 
in the city, from which supplies are given to over 250 premises, which in- 
cludes over goo hoists, presses and other machines for various purposes. 
Further extensions are being proceeded with, and where the power is 
required at some distance from the mains special arrangements, involving 
an additional temporary rental, are made for its supply. The Corporation 
further lays special mains without extra charge where the use of the power 
to a sufficient extent is guaranteed. 

The mains of the hydraulic pumping station are kept charged by means 
of six sets of powerful engines, each capable of delivering 250 gallons of 
power water per minute. Steam is generated in five large boilers, fitted with 
mechanical stokers, economizers, coal and ash conveyors, etc., of the most 
approved description, The reservoir of power consists of two large accumu- 
lators, loaded to a maximum pressure of 1120 pounds per square inch, thus 
producing the same effect as if large supply tanks were placed at an eleva- 
tion of over 2500 feet above the ground level. The power water is main- 
tained in the mains at a pressure of 1ooo pounds per square inch, and is 
available day and night within the area of supply all the year round, Sundays 
and holidays included. An additional pumping station is intended to be 
erected in Ancoats, a suburb of Manchester. 

The Corporation, at its own expense and under its own supervision, 
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executes all work necessary in the laying and connection of service pipes 
from the mains to the consumer’s premises, ol: the consumer entering into 
the required agreement for supply. The quautity of water supplied, before 
or after use, as may be decided by the corporation, is measured through a 
meter, and the corporation, at the cost of the consumer, provides and main- 
tains one or more meters (with tanks, if required) on the consumer’s prem- 
ises for registering the power water supplied, and connect the same to the 
consumer’s pipes, the Corporation reserving the right to examine, at all 
reasonable tines, such meter or meters for the purpose of keeping the same 
in repair or recording the power consumed. The consumer pays the Cor- 
poration for the power water taken in accordance with the scale of charges 
hereto annexed, a minimum charge being fixed at the rate of 4ooo gallons 
per quarter for each machine on the consumer’s premises. For example :— 


Gallons, Charge per 
Quarter. Quarter, 
Minimum Tort MachMe 26626564, OOO $10.00. 
hi eee ibs eee ww se 15.00 
Hs ee si Oe a eae 20.00 © 
: ae © ee bare ae 35.00 


The meter rent is charged according to the size of the meter required. 
In the event of the meter or meters failing to register the consumption of 
power water in any one quarter, the amount of power water charged for will 
be calculated on the average daily consumption during the period in the 
quarter in which the meter or meters were correctly registering. Every con- 
sumer is considered as bound for one year, and subject to three months’ 
notice in writing, terminating with any quarter after the expiration of the 
first year. The Corporation will, unless prevented by unforeseen accident, 
supply power water in their maius charged to not less than 1000 pounds 
pressure per square inch at the Corporation’s accumulators. 

Any repairs to the works or mains of the Corporation involving a cessa- 
tion in the supply of power water are, if practicable, executed at night, or, 
if necessary, continuously by day and night, and, where possible, due notice 
of any such cessation is given to the consumer. Every machine, before 
being connected to the service pipe, must be examined by the inspecting 
officer of the Corporation, and notice must be given by the consumer to the 
Corporation of intention to connect any machines in addition to those 
already agreed for. The Corporation is not to be held responsible for any 
damage or accident that may arise either from interruption of supply or 
from any matter connected with the machinery, pipes or other apparatus 
fixed upon the consumer’s premises. The stop valve on the consumer’s 
premises must be screwed down after working hours every day, and als on 
other occasions when the power is not required. ‘The Corporation reserves 
the right, after due notice, of separating from the main forthwith the service 
pipe of any consumer failing to pay the accounts when due, or refusing or - 
failing to comply with any of the terms of supply to the satisfaction of the 
Corporation, 
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The following regulations for the guidance of makers of hydraulic 
s machinery are enforced by the Manchester Corporation: 

All machinery for connection to the hydraulic power mains of the Cor- 
poration must be constructed, worked, and maintained in accordance with 
the regulations of the Corporation. All cylinders, rams, valves, or other 
apparatus subjected to the pressure from the mains must be tested to 3000 
pounds per square inch, and be certified either by the maker or by the Cor- 
poration. In cases where hydraulic machinery is already fixed on premises, 
a certificate from the makers guaranteeing that the machinery and fittings 
will withstand the Corporation pressure will be accepted. All hydraulic 
machinery having rams working in cylinders must be provided with perma- 
nent stops or other approved methods, quite independent of any valve or 
tappet gear by which the rams will be prevented from being forced out of 
the cylinders. Back-pressure non-return valves or other approved similar 
apparatus must be fitted to all service pipes as near as possible to the inlet 
to the building. An independent screw-down stop valve must be fitted 
immediately inside the building, in addition to the stop valve fitted by the 
Corporation on the service pipe in the street. A momentum valve loaded 
to 1200 pounds per square inch must be fixed on all service pipes exceeding 
one inch internal diameter, such valve to be fixed as near as possible to the 
back-pressure valve inside the building. 

Hydraulic cylinders, valves and pipes must be so arranged and fitted 
with air and drain cocks that they can be efficiently drained and washed out. 
Means must be provided for preventing water syphoning out of the cylinders, 
All pipes and cylinders laid above ground, and in positions where they may 
be exposed, musi be encased with non-conducting material, or protected by 
some other means, against damage by frost. Efficient means must also be 
provided for lubricating all working parts. All machines fixed in the same 
building where the power-water is measured after use must pass the. water 
into one system of return mains, so that one meter will suffice for measuré- 
ment, The return main must be laid insuch a manner as will allow of the 
meters being fixed as may be required by the corporation. . The consumer's 
pipes must in all cases be brought up to the meters in such position as may 
be directed by the corporation. ‘he power is turned on after the receipt by 
the corporation of a certificate of test of the machinery and pipes, and after 
an inspection of the same in reference to the foregoing regulations. Should, 
after a trial, all be found in order, and no leakage apparent, the supply is 
continued,from that time in accordance with the agreement entered into. 
The service pipe is laid of sufficient sizes to give the supply that may be 
required, and the makers of machinery must so proportion the pipes and 
valves on the cousumer’s premises as to convey the pressure to the machines 
without undue loss. 
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The quarterly charges for hydraulic power supplied by meter may be 
gauged froin the following : 


Quantity of Power-water Amount of ; Quantity of Power-water Amount of 
in Gallons. Charge. in Gallons. , Charge. 
4,008 oF Wider” 2°00. Blo.cs P5000 oot.) pio 
BOO ee I AP OR OO re 
10,0008 5 cas 3 ee ee ee 126.400 ©. 0.00.02 a 
POOR 6 6 hin Fe eee 150,000 1. oy) s 1 
DEEN ok ae ee eee 200,000.) ooo ls. Aaa 
DORI CO i 250,000 _ » 4.4.4: «sae 
$0,000 jad FS ns ee " 300,000 ©. 2 os ee 


Power water taken in excess of 300,000 gallons per quarter is charged 50 
cents per 1000 gallons for the excess quantity so taken, and in cases where 
mininium quantities of 500,000 gallons and upwards per quarter are agreed to 
be taken, or paid for whether taken or not, the following special terms 
will be adopted : 


Price per 

Gis _ 1000 gals. 
For a minimum of 500,000 gallons per quarter. . . . . . . . $0.50 
For a minimum of 750,000 gallons per quarter. . ... . 5 43.) ag 
For.a minimum of 1,000,000 gallons per quarter ......-. 2635 ae 
For a minimum of 2,000,000 gallons per quarter. . .-. .-. 2° Giga 
For a minimum of 3,000,000 gallons per quarter. . . . . . . 0.31 


Power water taken for motors running on an average six hours per day 
throughout the quarter, or not less than 460 hours per quarter, is charged 36 
cents per thousand gallons. 

_ Daily consumption of water, including supphes in bulk, 13,400,000 gah 
Jons. Annual receipts from ineter supplies, $625,000. 

The cost of installing the entire system, including hydraulic power 
scheme, was over $30,000,000. The cost of maintenance and operation (ex- 
clusive of interest on capital and sinking fund) is $415,000 per annum, made 
up as follows : 


. $27,500 

By ehief and other renig.o oS iS Pea 
By rates, taxes and tithes . . . wil aaa 
By materials, contracts, wages and expenses connected with 

the maintenance of reservoirs, conduits and eh . . . $100,000 
By, hydravhic, purmpaig station ( hee. 4 of 6a 
By renewal of mains. . . oe he 
By maintenance of Thirlmere Aqueduct, ete, sie Ge Beale oe: 


—+— 165,000 
By wages in connection with the general business of the department 35,000 


By salaries . s pte GES US ie ta sco cig 
By collection of water rates andrentals. . . 2 2. 2 se eee se 15,500 
By printing, stationery and advertising. . . ie oa 6 ne 
By law charges, stamps and eae borrowing money -: a 5,000 
By rent of offices . ; file outa te Ble. ghee ban et ee 
By contributions to Thrift wand 66 8 ee fae 1,500 
By miscellaneous PRIPOGIOTE 8 go ibaa iS Gel wen Saas 2,500 
By bankers’ interest and commission. .-.-6 is ea we ae 1,000 


a ne 


$414,240 
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All appointments are made by the Waterworks Committee subject to 
the approval of the City Council. ‘The salaries il in connection with the 
general business of the Department are as follows 


wets Girperiitemieint . oe feel ea a ps  Bapegt 66 
A irl 2 ay WW? eit Ad Se el he ie as aw (a6 
Office Receiver. . ie ede heed Wik ke Se a cd a a ae tad, Re eS 
Engineer’s Principal ne ee ee 1,450.00 
Assistant Pemeciar Supcruitencany 6 ee Pe ee 9 a0, Bs 
Seenera: auispector and. Surveyorof Maitisaes. 6. Se. we 2) 1, 79866 
erenoectot «al Rates ark Rewtalas cco iia: ee Gk eee o  Oag OO 
Second Inspector of Rates and Rentals ice ialtnn. ky eee 
Sub-Engineer for the Longdendale and Thirlmere Works... 1,500.00 
Mortgage, ee ee ee Ge ee ee wee es Ee BO 
Examiner of Fittings .. eRe ee coh eee 
Assistant in the Mains Department . oe ei Leiba See 
Beenie 1) Ce Nlainis Department . nn ows eicscs ia Rai serceielts 900.00 
Assistant secretary . . Ce hed) ed ee eae A 
Surveyor in the Estate Department ieee ee ee ee ee ek eee 
ene: ereeecir of Service Fittings (2. her Ps a Tora. ge 
NE a i es og Sil iw ie ey rem ee eee 9415.83 
Assimiant Olice Receiver ...... a a ee ae 924.00 
Assistant General Inspector of Service Fittings we bee ee 337-75 
Assistant Bookkeeper . acerca! pha 805.00 


Engineer and Manager of the Hydraulic Power Supply WEP SBE: $3 
Engineer . DO ee es a Aiea af ie ee Aa eRewOo 


ne ce nt 
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BIRMINGHAM, ENGLAND. 


Birmingham has long been one of the chief seats of the hardware indus- 
try. Its leading manufactures are the founding, rolling, stamping, plating 
and drawing of metals. The social features of its industry are the great 
number of sniall employers,and the general employment of female hands in 
the lighter trades. 

As a municipality, it has obtained a reputation for progress and enter- 
prise, and is credited with the introduction of many innovations in munici- 
pal economy. Its population in 1891 (inclusive of suburbs) was 480,090. 

Up to 1874 the waterworks of Birmingham were private property. In 
that year application was made to Parliament by the Corporation for the 
transfer of the undertaking by agreemeut or for its compulsory purchase. 
The advisability of its acquisition was urged as aimatter of public policy 
rather than of finance. An Act empowering the purchase was obtained on 
August 2, 1875, and the transfer was effected on January 1, 1876, in consid- - 
eration of $272,455 in perpetual annuities, made as follows :— 

$168,000—being the maximuun dividend of 8 per cent. on the 
$2,100,000 capital authorized under the Act of 1855 
$88, 200—being the maximum dividend of 7 per cent. be the 
$1,260,000 capital subsequently called up. 
$11,880—-in respect of possible profit on the remaining $420,000 


capital not called up. 
as compensation for back dividends unpaid. 


$272,455—total in perpetual annuities. 
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The debt of $945,000 incurred under the borrowing powers was taken 
over by the Corporation. Assuming the annuities to be capitalized at twenty- 
five years’ purchase, the $272,455 a year was equal to $6,811,375, and com- 
prised a premium or good-will of $3,451,375; that is, the difference between 
the $3,360,000 capital of the company and the capitalized value, $6,811,375, 
of the annuities. The capital at the time of the transfer was thus $6,811,375 
plus the debt of $945,000, making a total of $7,756,375. 

The management of the undertaking then devolved upon the Corpora- 
tion, which carried out certain works initiated by the Company, and at once 
took steys for compelling the owners of preperties which were without satis- 
factory water supplies to lay on supplies fron: the waterworks mains. ‘The 
revenue during 1575, the last year before the transfer, was $436,750, and 
under the Corporation it advanced to $637,520 by 1882, notwithstanding that 
in 1881 reductions of water rents had been made to the extent of $25,000 per 
annum. “The Act of 1875 empowered the raising of $1,250,000 additional 
capital, of which $500,000 was subject to the approval of the Local Govern- 
ment Board, The extensions of mains and the construction of other works 
quickly exhausted these powers, and as the increasing demand for water 
required the construction of still further works, it was deemed expedient to 
renew the lapsed powers previously obtained for the construction of the 
works at Shustoke for impounding the water of the River Bourne. Accord- 
ingly, in 1879, an Act was obtained renewing these powers and authorizing 
the borrowing of $1,500,000 additional, thereby bringing the authorized cap- 
ital up to $10,506,375. ; 

WELSH Supply.—The area of water supply at the present time com- 
prises a population of 725,000, of which it is estimated that about 688,599 are 
actually supplied. The number of houses supplied on March 31, 1897, was 
137.703, in addition to 11,522 miscellaneous unmeasured supplies for pur- 
poses other than domestic. There were also at that date 2,850 supplied by, 
meter for trade purposes. From 8,200,000 gallons in 1876 the daily demand 
fur water continued to increase, so that in the year ended March 31, 1891, it 
jhad risen to more than double that amount, or 16,500,000 galloris. The 
increasing demand led to the apprehension that in the near future the 
sources of supply would become insufficient ; and, after full inquiry, an Act 
was obtained on June 27, 1892, whereby the Corporation was empowered to 
obtain a supply of water from the Rivers Elan and Claerwen, in Radnorshire, 
Wales. The capital authorized is $33,000,000, The Welsh supply scheme 
was prepared and carried through Parliament, and is now being carried out. 
By means of this scheme 27,000,000 gallons per day may be brought into 
Birmingham by gravitation at an elevation of 603 feet above ordnance datum ; 
~ the ultimate quantity available will be 67,500,c00 gallons per day, and the 
total Jength of the aqueduct is about 73 miles. It will be several sears 
before the works'can be completed and the Radnorshire water be distributed 
in Birmingham. 

INTERIM RESOURCES.—In the meantiine it is necessary to meet the 
growing demand for water, and to maintain the present works in an efficient 
state. In view of the large expenditure on the new snpply it is also impor- 
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tant that the capital expenditure on the old works should not be more than 
absolutely necessary. At the present time the water supply for Birmingham 
is derived partly from streains and partly from wells. The average quantity 
-taken from streams annually is equal to about 10,500,000 gallons per day, 
and the average quantity taken from the wells is about 6,000,000 gallons per 
day, the average daily consumption for the last year being about 16,500,000 
gallons, with a maximum of 21,000,0co. The whole of the water taken 
from the streams, and some of that from the wells, is passed through filter 
beds, where it is efficiently filtered before being mixed with the rest of the 
well water and pumped into the service reservoirs for distribution. ‘The 

domestic and trade consumption of water has greatly increased with the 
increase of population; but the quantity distributed has been kept down by 
reducing waste and economizing in various ways. 

SERVICE RESERVOIRS.—These are situated so as to divide the water 
area into three zones of distribution: first, the low-level zone, suppled 
under pressure from the Erdington Reservoir, in which the top water is 470 
feet above ordnance datum; second, the mid-level zone, supplied under pres- 
sure from the Monument Lane Reservoir, Edgbaston, in which the top water 
is 532 feet; and third, the high-level zone, supplied under pressure from 
Hagley Road Reservoir, Edgbaston, in which the top water is 601 feet above 
ordnance datum. <A portion of the high-level zone being at about this same 
elevation, and therefore too high to be supplied through the reservoir, is 
supplied through a standpipe, the top of which is 650 feet above ordnance 
datuin. 

PUMPING STATIONS. —The general plan of pumping, by which the three 
service reservoirs and the standpipe are kept well supplied, is shown (on 
next page) in the following summary of all the pumping engines, both at 
the pumping stations and at the wells. 
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PUMPING ENGINES AT THE PUMPING STATIONS AND AT THE WELLS. 


* 
¥ 
Steam Cylinder, Punip. 
: Height 

Diam- Diam- Strokes per of 
Pumping Stations. Description of Engine. eter. Stroke. eter, Stroke. minute. Lift. 
Inches. Feet. Inches, Feet, No. Feet, 
| Atlas, 15488; Cornisi = 27: Golf 8 21 8 ‘IO 250 
Hercules, 1830, Cornish. . 60% ee 21 8 10 250 
Neptune, 1652, Cornish... 3. > 10 10 250 
Fupiter, 1843, Corrish, ... aa IO 23 10 10 250 
Mg, =. Ss Eagle, 1867, rotative.., <. 48 8 19% & 273% 4 Io 250 
Hawk, 1867, rotative ... 48 8 19% & 27% 4 10 eee 
Castor, 1881, compound , . 16 & 32 5 20 5% 14 So 
| Pollux, 1881, compound. . 16 & 32 5 20 5* 14 80 
| iO, Oe See 72 Pe 24t Io 12 270 
ae INO, 2 OTMIBAT 2 ok ge ey 72 II 24t Io 12 270 
Me 3 No, 3, pompodnd. os 5, 348 Go = So 26 Tp* 10 260 
NO.94,, Compound: "5 2", 93 So 10 26 is Ce) 260 
: BO SCeriish. fo i 60 9 26 8 10 210 

8) 4¢e0 - 
Fees Pogek No. 2, comipound.. .°,... 28& 48 ) 26 434% 10 210 
i tae IND), VGHISe ee. a6 9 21 8 12 130 
Seen 4. No. 2, compound <7). 16. & sa 5 20 ge 15 130 

Wells, 7 ae 

ae Ot, OOrNishe og ae bs ee 30 Io 3 110 
2.2 oe No. 2, (Gre. | = =. 60 ag 20 y he 5 350 
Perry . . . . . Rotative beain with gearing. 56 5 20 g* 5% go 
moos Pes)... Compan pal, Se. 60 9 30 “> 8 go 
pee Gala”, : Comaign . 2 2 2. | 2 5 bo a2 17 ag 4 330 
Longbridge. . . Horizontal compound... . . 27 & 48 5 - 38 5* 3% 285 
Kings Vale. a Rotative beam with gearing : 23 7 ae 18 >" 7 Ilo 


*Double-acting pumps. 
tAnd a Filter pump 30 inches in diameter and 7-foot stroke, : 


19 

WHITACRE.---Beginning with the Whitacre puinping station at the lower 
end, the Shustoke Reservoir at half a mile distance has a capacity of 
442,000,000 gallons, and receives its supply from the River Bourne. A 
smaller reservoir, holding 32,000,000 gallons, is supplied from the River 
Blythe. ‘The Shustoke Reservoir is at a sufficient elevation to deliver its 
water direct to the filter beds; but steamn pumps are employed to pump up 
to them from the Blythe Reservoir, which is at a lower level. The filter. 
beds have a collective area of 183,504 square feet, and are large enough to 
allow of as miuch as 10,000,000 gallons per day being pumped from this 
station. There are two compound pumping engines, each having cylinders 
33 inches and 60 inches in diameter by 10-foot stroke, and each workiug a 
pair of 26-inch plunger pumps of the same stroke; also two Cornish engines, 
each haying a cylinder 72 inches in diameter by 11-foot stroke, and a 24-inch 
plunger pump of 10-foot stroke, with a filter pump 30 inches in diameter and 
7-foot stroke. The engines are supplied with steam from a range of water- 
tube boilers, some of which are worked at 70 pounds pressure for the com- 
pound engines, and the rest at 30 pounds pressure for the Cornish engines, 
The pumping main from Whitacre is 36 inches in diameter, and extends via 
Plants Brook to the Erdington Reservoir, a distance of about 8 miles. 

STEAM PumMps.—The steam pumps for lifting the water to the filter beds 
from the Blythe Reservoir were originally worked non-condensing, with low 
pressure steam from the boilers supplying the Cornish engines. They are of 
the duplex type, carrying full steam throughout the stroke without expan- 
sion. ‘They originally exhausted into the atmosphere, and consumed a large 
quantity of steam, almost as much as would work one of the large Cornish 
engines. Finding that the cylinder capacity of the pumps was sufficient for 
enabling them to be worked with the difference in pressure between the high 
and the low pressure boilers, the following alteration was made for reducing 
their consumption of steam: From the high-pressure steam main a new 
supply pipe was led direct to the steam pumps, while the exhaust was con- 
veyed by another pipe into the low-pressure steam main of the Cornish 
engines. The economy of fuel resulting from this alteration has been great, 
while in addition a distinct advantage has been secured from the pumps now 
working against a back pressure, instead of exhausting freely into the 
atmosphere; they work much more quietly and a greater speed is obtained, 
with less wear and tear. 

PLANTS BROOK.—Here there is a storage reservoir of 33,000,000 gallons 
capacity, with filter beds of 99,991 square feet area, and two pumping engines, 
One is a Cornish engine, having cylinders 60 inches in diameter by 9-foot. 
stroke, with a 26-inch plunger pump; the other is a compound engine, 
having cylinders 28 inches and 48 inches in diameter by 8-foot stroke, work- 
ing two plunger pumps of 26 inches diameter by 4-foot 8-inch stroke. Both 
engines are supplied with steam from the satne range of water-tube boilers, 
at a working pressure of 48 pounds per square inch. 

TESTING OF ENGINE SLACK.—This station is used for testing the quality 
of the engine slack supplied to the various pumping stations. Fach test is 
made with 500 cwt. of slack, the feed-water being measured into the boilers 
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by a Kennedy meter; the number of strokes made by the engine is recorded 
by a counter, the head of water pumped against is noted, and care is taken 
to preserve the conditions as uniform as possible during all the tests. This 
mode of ascertaining the evaporating efficiency of the slack enables that 
quality to be selected which gives the most economical results. The general 
prices of engine slack do not vary in proportion to its evaporative efficiency, 
and withont some means of testing from time to time the slack imay be 
bonght at much too high a cost. The water pumped at Plants Brook Station 
is delivered 3% miles to the Erdington Reservoir, fron: which, together with 
that pumped at Whitacre, it is conveyed to Aston, supplying the low-level 
zone by direct pressure from Erdington. The quantity being much greater 
than that required in the low-level zone, the surplus is puniped at Aston into 
the mid-level zone under pressure from the Monument Lane Reservoir. The 
surplus is pumped by two compound pumping engines, each having cylinders 
16 inches and 32 inches in diameter by 5-foot stroke, and each working a 
pair of plunger pumps 20 inches in diameter by 5-foot stroke. The suction 
of the pumps draws from the Erdington main, while the delivery is into one 
of the mains leading to Monument Lane; in this way the pressure on the 
suction side of the pumps is utilized, and the work done by the engines is 
only the difference in pressure between the mid-level and low-level zones. 

Aston.—tThe station at Aston is the largest and most important of the 
pumping stations, and the bulk of the water derived from various sources is 
brought here to be pumped up into the Monument Lane Reservoir, Edg- 
baston, whence part of it is again pumped to supply the high-level zone. 

WELLS.—On the Aston side of Edgbaston there are five wells, yielding 
daily the following quantities of water: Aston No. 1 well, 660,400 gallons; 
No. 2 well, 1,278,100 gallons; Perry well, 1,100,000 gallons; Kings Vale well, 
363,000 gallons; and Short Heath well, 1,600,000 gallons. On the other side 
of Edgbaston there are two other wells: one at Longridge, yielding last year 
425,000 gallons per day, and the other at Selly Oak, yielding last year 513,000 
gallons. The water from the wells on the Aston side is pumped to distribu- 
tion by the engines at Aston, while the Longridge and Selly Oak wells are 
provided with engines which partly supply the high-level zone in connection 
with the Hagley Road standpipe. - 

ASTON ENGINES.—The Aston pumping station was established by the 
water company incorporated in 1826, There were erected as far back as 
1828 and 1830 two pumping engines, still existing, named Atlas and Her- 
cules, which have been kept at work ever since, excepting the necessary 
‘stoppages for repairs from time to time. ‘They are now in first-class order 
and are likely to last as long as they will be required. Their cylinders are 
constructed on the Cornish plan and are 604% inches in diameter by 8-foot 
stroke, but as the pumps are of the bucket kind the engines cannot prefit- 
ably be worked expansively. The other engines at Aston station are the 
following: Two Cornish engines, erected in 1852 and 1853, each having a 
cylinder 72 inches in diameter by 10 foot-stroke, with a 23-inch plunger pump 
of same stroke; a pair of coupled flywheel engines, erected in 1867, having 
cylinders 48 inches in diameter by 8-foot stroke, with two bucket-and- 
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plunger pumps, each 19% inches and 2734 inches in diameter in the barrel; 
also the two compound engines previonsly mentioned, which were erected in 
1881. All these eight engines, or as many of them as may be required from 
time to time, are employed to pump to the mid-level zone and into the 
Monument Lance Reservoir. ‘The six single cylinder engines are all working 
with low-pressure steam of about 20 pounds per square inch, supplied from 
three sets of Cornish and Lancashire boilers, while the compound. engines 
are supplied with steam at 70 pounds per square inch from a separate range 
of water-tube boilers. 4 has 

With a view to effect an economy in fuel consumption without the 
necessity of a large capital expenditure, and at the same time to provide 
additional pumping power for meeting the maximuin demand on the station, 
the works have lately had recourse to the principle involved in the alteration 
already described of the duplex steam pumps at the Whitacre station. A 
compound non-conducting directing engine has been provided, having 
cylinders 26 inches and 37 inches in diatneter by 5-foot stroke, working a 
horizontal double-acting plunger pump of 22 inches diameter. It is being 
placed on a simple foundation in an expensive building; and to provide it 
with steain one of the old ranges of low-pressure Lancashire boilers, which 
were alinost worn out, is being replaced by a range of high-pressure Lan- 
cashire boilers working at 130 pounds per square inch. The two remaining 
sets of low-pressure boilers have been connected by a trunk steam main, 
from which the three pairs of low-pressure engines take their steam supply, 
and into which the new compound engine will exhaust. The high-pressure 
boilers are to be fed with water taken from the mains and passed through a 
feed-water heater, in which the water will be heated with steam taken from 
the equilibrium pipe of the Cornish lift engines; in this way the water can 
be heated nearly to the boiling point with the waste steam of the engines, 
notwithstanding that they are condensing engines. It so hat pens that their 
equilibrium steain is at a pressure above that of the atinosphere, because but 
little expansion is here possible owing to the fact that the enzines work 
bucket pumps. moe 

EDGBASTON STATION.—The engine power at this station, and also that 
at Longbridge aud Selly Hope, is employed for the purpose of supplying the 
high-level zone under pressure from the Hagley Road Reservoir and stand- 
pipe. The consumption of water for domestic supply varies so largely at 
different hours of the day that in pumping under the standpipe pressure, 
without any overflow, the speed of the engines would also have to be largely 
varied during the day, in order to meet the varying demand of the stand- 
pipe district. The Edgbaston engines are, therefore, made to supply the 
reservoir for the high-level zone by overflow through the standpipe; and the 
standpipe itself has to supply only the higher portion of the zone. By re- 
stricting this higher portion within proper limits the full pressure is always 
maintained in the standpipe, although the engines are only just capable of 
pumping the mean supply of both districts; in other words, the maximum 
draught in the higher or standpipe district does not exceed the combined 
mean draught of this higher portion and of the rest of the high-level zone. 
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Dry SEASONS.—As already mentioned, the total supply of 16,500,000 
gallons per day is made up of about 10,500,000 from streams and 6,000,000 
from wells. During a dry period of, say, 480 days, the watersheds sup- 
plying the streams may be calculated to yield from 7,000,000 to 8,000,000 
gallons per day, which, together with the total storage of about 500,000,000 
gallons, would give a daily supply of a little over 16,500,000 gallons, The 
total average yields of the wells cannot be increased, and tends to diminish ; 
and from experience gained it is evident that but little more water could be 
expected from underground sources. It will be seen that some of the wells 
yield but small quantities. During last summer, 1897, the storage was so 
heavily drawn on that it was the cause of much anxiety. It has been neces- 
sary to adopt the strictest economy of water by the prevention of waste and 
by other-means. In 1894 the average gross consumption per head per day 
was 25.92 gallons, atid in 1896-97 it had been reduced to 23.70 gallons. In 
the same period the net consumption per head for domestic supply, fire and 
waste was reduced from 19.62 gallons to 15.11 gallons. In the year to 
March 31, 1897, the average consumption per head per day was as follows: 


Gross consumption... . . 3 « 2% 90 gatie 
Consumption for measured trade. supplies and for railways, 

road watering, markets, etc. . . ee 
Estimated consumiption for unmeasured trade supplies, say,. . 4.20 gallons 
Net estimated consumption for domestic use, fire and waste . | 1 5.11 gallons 


The total revenue of the Water Department for the year to March 31, 
1897, Was $1,010,295. 


Cost OF PUMPING.—This varies greatly with the different stations. 
The small stations with small supplies are exceedingly expensive, but the 
large stations are working with fair econoiny. At Whitacre the total cost of 
pumping 1600 gallons of water too feet high, including coal, salaries, 
wages and stores, averages under one-half cent. 
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HyDRAULIC POWER SUPPLY.—Being owners of both the gas and the 
water works, the Corporation of Birmingham established some years ago a 
hydraulic power supply, which was placed under the management of the 
Water Department. The hydranlic power is produced by means of gas en- 
gines and pumps ; the engines take gas from the gas mains, and the pumps 
take water from the water mains in the mid-level] zone, and are therefore 
under pressure from the Monument Lane Reservoir. There are three Otto 
cycle gas engines, two of 20-horse power each and one of 12-horse power ; 
each engine drives by means of belts and gearings a set of three-throw 
pumps. The pressure in the delivery mains is 750 pounds per square inch. 
The supply is governed by means of two accumulators, each loaded to akout 
go tons, and one slightly heavier than the other; each accumulator has a 
rain 18 inches in diameter by 20-foot stroke. The starting of each of the gas 
engines is effected by means of a three-cylinder hydraulic engine, taking its 
power from the hydraulic mains. By means of a hand lever a small pulley 
on the shaft of the hydraulic engine is pressed against the rim of the gas 
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engine flywheel, and by the frictional contact the engine is turned around, 
The charges for hydraulic power are made on the following sliding scale : 


ono pals ber wostter ee e 
eons m a’ eye arn! ce algti ae tues yy eae ee 
Racicas “ 8 cs 8} 50 
100,000 eb ee fe 102 50 
moo its ad Dy ig hee eeu eG uy MD 


The average revenue per 1000 gallons during the year ending March ‘31, 
1897, was $1.30. Already 33¢ miles of hydraulic mains have been laid, and 
the station is arranged for a large extension of machinery whenever found 
necessary. 

GLASGOW, SCOTLAND. 

Glasgow is a city divided by the River Clyde, the larger portion being 
on the north side. This river affords large facilities for steamboat convey- 
ance, and the prosperity of Glasgow is the result of its being converted from 
a fordable stream into a river navigable by the largest vessels. 

The leading industries of Glasgow comprise ship-building, cotton spin- 
ning and weaving, etc.; iron and engineering works (including locomotive 
building and that of marine engines); potteries and glass works, with all the 
manufactories dependent on these. More iron and steel ships are built at 
Glasgow and on the banks of the Clyde below Glasgow than at any other _ 
port in the British Isles. 

The tonnage of vessels (British and foreign) entered at this port during 
the years 1875-1894: | ; 


: Tons. 
ee i Ue Be ive etd a ek on on hs wie eae 
es yw kw Ub ie, eee Be? OOO 
MRP ee ea a a i 74 000 


Ne Be a ee ee cy 612985 ,000 
Exports from Glasgow in the year 1894 were valued at $593, 500,000. 
The population of the city of Glasgow for 1891 was 176,800, that of the 

parliamentary and municipal borough being 565,000. 

The Waterworks of Glasgow are controlled by the Corporation. ‘The 
daily consumption averages about 51,000,000 gallons ; the maxtmum is about 
57,000,000 gallons and the minimum about 41,000,000 gallons. It is ascer- 
tained by the discharge over weirs. ‘The sources of supply are two—lLoch 
Katrine and Gorbals. 2 ae 

The storage reservoirs in connection with the Glasgow Waterworks are: 


Height of Area of Capacity Drain- 
Water Level Water rt a ° age — 
above Sea. Surface. Loch. 'y  Avea: 
Feet. Acres. Gallons. Acres. 
_Loch Katrine . . 367 For supply to city . 3,059 5,023,581,250 23,192 
Loch Vennachar . 269 For compensation . 1,025 2,555,960, 35¢ 23,156 
Loch Drunkie. . 416 For compensation. 138 773,750,003 1,5CcO 
Gorbals Works. 
Balgray Reservoir 352 153% 746,826,662 oN 
Bye Linh. . . 313 21 74,852,431 ey 
Been 4s 5. 207 4 §,458,550 2,560 


Waulkmill Glen . 296 48 228, 383,187 
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The means of conveyance is by gravity. ‘There are two conduits from 
Loch Katrine—one 8 feet by & feet, 253f miles long, tall 10 inches a mile ; 
the other is new, to feet wide and g feet high within the lining, 23% miles 
long, fall 1 in 5000. No pumping is necessary. 

‘The distributing reservoirs are of the following dimensions : 


Height of Great Area of Capacity 


Water above’ Depth of Water of 
Sea. Water. Surface. Reservoir. 
Feet % Feet. Acres. Gallons. 
Mugdetkiiawid ei 7 50 62 550,000,000 _ 
Pag mnOe ns ke A 4o 864% 700,000,000 
Gorbals Works (1) .. .°. 240 we ey . 3,250,000 
Gorbals Works (2)°>. 75. 295 : ee veg - 1,875,000 


| There are six 36-inch cast-iron mains leading to the Loch Katrine water 
from the distributing reservoirs, which are at a distance of between six and 
seven miles from the city ‘ and one 24-inch cast-iron main chon the Gorbals 
Works. te 
The service mains vary from 36 inches down to 3 inches. Those in the 
center of the city are mostly 9 inches and 6 inches in diameter; in the ont- 
skirts they are less. The service pipes are of lead. They are owned by the 
proprietors of the houses. The municipality makes the connection with the 
mains and the owner keeps them in repair. 

The whole business and residential districts are supplied with water. 
The daily consumption averages fifty-four gallons a head.. Meters are not 
used in connection with the domestic supply, but for trade purposes meters 
are universally used. They are owned by the Corporation, and kept in repair 
by them at the rate of five per cent. per annuin on the cost of the meter. 

The water of Loch Katrine is extremely pure, as the following analysis 
will show: 


Tolareo Uapury OO ee er 
Organic Carbanicn cekietn eile es ee 
Oroani¢ mitrocern: ro ch oe. lami ae 
Nitric nitrogen 8 ; WG aah Kl = idle Usa > ee 
‘otal combined nitrogen ae dk a 6 oe ee nnn 
ere i ee a Pe cor 
Hardness (total) ee ee ee ee 
Analysis of the Gorbals water: Grs. per 
Gallon. 
Oruemineanptter’:. pace os a ee ee 
Ceasnonste OF et be Oe i oe ee ee | 1.152 
eM DIRI EE VE ge i ik ia len oe 
" WMO TONHES 6 ue ta tak, sg ae al 
Murine of Wanesia ee 0.344 ~ 
Alkaline chlorides Reve Sy yr aba a winkeye se nn 
Oxide OF UGH 6.0 aise ee = ee te oe a 
ROIS a ET OR SI ce 
TORN Cae eo 8 ae hg ba ee a ae ee 
Hardness es tee ee 
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The water is subject to sedimentation in Loch Katrine and in the various 
reservoirs, and the result is an almost entire absence of bacteria or other 
organic matter. The water is not aerated. The water from Loch Katrine is 
not filtered. It amounts to about 46,000,000 gallons a day. The water from 
the Gorbals is filtered, and amounts to about 5,000,000 gallons aday. The 
Gorbals filters cover an area of 7842 square yards. The filtering beds are 
about 6 feet deep, consisting of 4 feet 6 inches of filtering material, of which 
2 feet 6 inches is sand. ‘The rate of filtration is about 600 gallons per square 
yard per twenty-four hours. The sand is washed and then replaced. There 
is no mechanical filtration and the water is not habitually submitted to bacte- 
rial examination. 

The fire supply is drawn from the general supply, portable engines are 
used, and there are numerous fire-cocks in the city. There are no stand- 
pipes, but a number of drinking fountains are found throughout the city. 
There are about 5000 fire-cocks about two inches in diameter, and about 1000 
valve hydrants with four-inch sluice valves. 

No water motors are in use in the city, hoists are worked by pressure 
from the mains, and about 270 worked from the high-pressure system, which 
has only been in use for three years. The pressure of the water from this 
system is equal to 1000 pounds on the square inch. The quantity of water 
used by meter per day is 11,500,000 gallons, or 12.5 gallons per head of the 
population. The receipts from the meter charges are now $342, 500 per 
annum. 

No change is contemplated upon the quality of the water, but a consid- 
erable addition to the storage capacity of Loch Katrine is now being made. 


GLASGOW CORPORATION WATERWORKS—1898-99. 
SPECIAL CHARGES. 


Bottlers, soda water manufacturers, etc., by Satay charges or in the 
option of the Corporation : 
50 gross bottles per annum, or under. ....... . . $1.87 
Every 50 prors, or part thereof, ee le ee ee 
Or by meter. ra 
Factories, foundries, engine-works, and other workshops, by general 
charges or by meter : 


Gas engines —horizontal and perpendicular— 
jeer i horse-power, per Annum. oi geese a te B62 


From % horse- “power to 4 horse- PORE, per BRDU? 66 yo 4-1 125 
rere 8 ie awe ee 
ce 8 ce Ts «¢ ‘6, ‘ : : 3.75 


Hoists and hy draulic engines, by meter. 

Hotels, 3% cents per $5.00 on full annual value of premises. 

Laundries, $2.50 and upwards, according to business, or by meter. 
Offices, shops and other places of business, or in connection therewith— 


Without common tap—at or under $75 rent... . . . .$ .50 
" " DI SLRS ker a hs ase es 
rh es Sere Ste ee ee eas he ee 
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Restaurants, eating houses, tea rooms, ete., 34% cents per $5.00 on full 
annual value of premises. J 
Steam boilers, each, $5.00 and upwards, or by meter. 
_SUPPLIES BY METER. 
Loch Katrine and Gorbals Water. 

(1) Gravitation Supply—aAta rate of $8.33 per 100,000 gallons, minimum 
charge, $10.00 per annum, payable at the end of the first quarter. 
Churches, minimum charge, $7.50 per annuin., 

(2) Pumped Supply—At a rate of $16.66 per 100,000 gallons, minimum 
charge, $20.00 per annum. 


Meter Rates—For % inch meter, per annul Pe 
oy > ae 
6é 6 & . 
“1%, ae 
oe v “ ER 
ae . " OS 
ee ne ne wu wee 
a Pere ee 


ead tiie ee 
2. River Supply Water. . 

At a rate of $3.75 per 100,000 gallons. Minimuim charge, $70.85 per 

annum, Meter rent, 10 per cent. on cost additional. 

Supplies by Meter.—Supplies for purposes not above specified to be, 
by special agreement, made with the Corporation before a supply can be 
taken or used, and, failing such agreement, the charge shall be fixed by the 
surveyor for the Corporation. 


TERMS AND CONDITIONS OF SUPPLY. 


1. All contracts shall be for one year from May 28th, and the charge 
made for that period. In the case of premises unoccupied at that date, a 
ratable proportion will be charged from the time of entry. 


2. Occupiers of premises for manufacturing, trade, or business purposes, 
using the water, shall be charged in conformity with the foregoing table. 


3. Premises which may, after the time of survey, be enlarged, or water 
used for any other purpose than has been charged or paid for, shall be 
subject to an increased rate. 


4. The rates and charges made for water supplied otherwise than by 
meter, being payable in advance, must be paid on demand. 4 


Security for payment of rates and charges to be given to the treas- 
urer when required by him. 


6. Parties taking water without agreement shall be bound to pay Stich 
rates as the Corporation may fix, in addition to the penalties imposed by the 
Corporation Acts, or the Acts incorporated therewith. 


7. Before water is turned on to any premises, the Corporation or its 
engineer must be satisfied respecting the fittings and mode of distributing 
the water through the premises, so that it may, at all times, be easily meas- 
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ured by meter, and any proposed alteration must be communicated to and 
approved of by the Corporation or its engineer before being executed. 

8. The Corporation will not be responsible in any way for, nor be bound 
to pay any damage or loss which may be alleged to have arisen from, inter- 
ruptions of supply arising from accidents or causes beyond their control. 

g. No connection will be allowed to exist in any premises between the 
‘pipes conveying Loch Katrine or Gorbals water, and those conveying water 
supplied or taken sate any other source, nor must any such connection be 
_ made. 


Io, Parties delaying or ne ‘to allow the Corporation surveyor 
inspection of their premises, when required, shall be liable to pay the full 
rates as estimated by him. 

: Consumers of water beyond the limits of compulsory supply will be 
charged, in addition to the rates, $0.02 per §5 on the full annual value of 
their premises, and the same shall be included in, and paid along with, the 
account for supplies of water for other than dbitiestic purposes. 


12. In the event of the water rates and charges not being paid as 
requested, the supply may at any time thereafter be stopped until payment, 


together with all expenses incurred, in terms of the Waterworks Clauses 
Act, 1847. 


13. The Corporation shall fix what premises ought to be supplied w $i 
water by meter, and be entitled, at any time, to place a meter temporarily 
within the premises of any consumer, to ascertain the quantity used. 


14. Meters will be provided and maintained in repair by the Corporation 
_at the charges specified in the Table of Rates, which charges shall be in- 
cluded in, and paid along with, the account for the first quarter. Meters 
must be properly protected by the consumer, and in the event of their being 
damaged by frost, fire or accident, the cost of repairing the same shall be 
paid by the consumer. In the case of meters supplying machinery propelled 
by the water, the expense of repairing any damage by way of burst, fracture, 
or otherwise, which may take place, together with the cost of. repairing the 
same or another meter, shall also be paid by the consuiner, and every such 
machine must have an air vessel and a relief valve attached to it at the ex- 
pense of the consumer, and which shall thereafter be maintained by hin. 


15. The Corporation shall not be lable for any damage done by the 
bursting of or leakage of water from any part of a meter to the premises in 
which it is placed, or to the goods manufactured, stored, or kept in such 
premises, unless such damage shall be proved to have arisen from, or been 
caused by, the fault or negligence of the Corporation or their servants, or 
by some defect in the meter patent at the time when the same was furnished 
to the consumer. 


16. Should the meter stop working or fail to indicate the quantity of 
water consumed, the consumer must give iminediate notice thereof to the 
engineer at the Corporation Water Office, and the quantity of water con- 
sumed during any period when a ineter may be out of order shall be estimated 
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and finally fixed by the Corporation from what they may consider to be the 
most reliable data at their command. 


17. No meter shall be removed or in any way disturbed, nor the seal 
broken, except in the presence or under the direction of an officer of the 
Corporation. 

18, All accounts for water supphed by meter shall be rendered, as nearly 
as practicable, quarterly, and must be paid on demand. 


19. The Corporation will provide all materials and execute all work 
necessary in connection with the introduction of water to be supplied by 
meter, up to the meter, including pipes, in so far as the same consists of 
cast iron, and the whole cost thereof shall be charged against the consumer 
and paid on demand. When the supply is discontinued, intimation thereof 
must be given in writing to the Corporation by the consumer, when the meter 
will be removed. 


‘RIVER SUPPLY WATER. 


That the charge to the consumer, in respect of the providing and main- 
tenance of meters, will be 10 per cent. per annum upon their cost. 


CARDIFF, WALES. 


Cardiff, a seaport of South Wales, is situated on the Taff, one mile from 
its mouth, and in the estuary of the Severn. Its population for 1891, the 
last census year, was 128,900 in the district, that of the city being 132,200. 


Its rapid growth since the ’60’s is chiefly due to the increase of coal ob- 
tained from its mines ; the exports of coal coastwise, during the period from 
1865 to 1891, being from 899,000 to 1,299,000 tons.. Large quantities of iron 
and tinplate are also exported. 

Cardiff has large iron and steel and other manufactories, and carries on 
iron shipbuilding extensively. The port has five docks and basins, two at 
a depth of 35 feet at or during the spring tides, and the Glamorganshire 
Canal Basin, in addition to a floating dock with 4500 tons lifting power, and 
numerous dry docks. The tonnage of vessels (British and foreign) entered 
at this port twenty years ago was 1,750,000 tons; it is now approximated at 
10,009,000 tons. 

‘The waterworks of the city of Cardiff, Wales, since the year 1879, have 
been under the control of the Corporation. They were taken over by the 
Corporation from the Company (who had been supplying the town since 
1851) under Act of Parliament. The capital expenditure on these works 
ainounts up to the present to $6,250,000. 


The maximum consumption is about 26 gallons pér head per day, ¢he 
average consumption 22 gallons; the minimum during the winter months is 
about 20 gallons. This is ascertained partly by counters on pumping en- 
gines, partly by measuring chambers and by calculation. 


The sources of supply are impounding reservoirs in old red sandstone 
forination, in the Breconshire Valleys, thirty-five miles from Cardiff. 
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The reservoirs and works in operation are : 


Top Water Area. Capacity. 
Acres. Roods, Perches. Gallons. 
Beacons Storage Reservoir... ... 51 2 34 342,000,000 
Cantreff Storage Reservoir... . .. . 45 fe) a) 322,000,000 
Llanishen Storage Reservoir... . . 59 I 23 317,000,000 
Lasvane Storage Reservoir... . ..... 19 2 34 $0,000,000 
Pennul oergice Reservoir, ..... +... 1 2 2,000,000 
Paeee ceervice Reservoir... .'. . oO % 10 1,000,000 
Llandough Service Reserv ge Ma O 23% 600,000 
Cefn Balancing PO rr Sa eng 500,000 
Blacksbrook Balancing Reservoir. . 500,000 
Rhubina Balancing Reservoir, also Filter Beds and Covered Ser- 
vice Reservoir. . 750,000 
Filter Beds, ‘‘ Heath”’ six ' Filter Beds, ‘capable of filtering 6, 000, - 
~~ 000 gallons per day, one covered Service Reservoir. . . . 1,300,000 


The works in reserve are: Ely Pumping Station—two collecting cul- 
verts and wells, two engines, four boilers. Average yield per day, 1,000,000 
gallons. 

Works in hand: Penylan Service Reservoir and Water ‘Tower; capacity 
3,000,000 gallons. Water is conveyed to the centers of distribution chiefly 
by gravitation. Pumping is used for one high-level supply only. 

The chief means of conveyance is the Taff Tawr Conduit, from im- 
pounding reservoirs to storage reservoirs near Cardiff. It is a cast-iron pipe, 
29-inch and 24-inch diameter; thirty-five miles in length, with three bal- 
ancing reservoirs en route. 

The pumping engines in use are old-fashioned and small in size, and it 
is intended to substitute gravitation for them. | 

The pumping mains are 18 inches to 6 inches in diameter, all cast iron, 
about four miles in length. 


One open service reservoir is now being constructed of a nes of 
3,000000, gallons. The floors are of cement concrete twelve inches thick, 
and one inch of asphalt covering, walls of cement concrete and Staffordshire 
blue brick, built in cement coped with stone, and banks formed out of ma- 
terial excavated. Its cost will be $50,000 when completed. 


‘There are So miles of trunk mains, varying in size from 36 inches to g 
inches in diameter, all cast iron. Joints in these were formerly made with 
yarn and lead, but now they are made with lead wire in lieu of yarn, followed 
up with molten lead and caulked. The pressures vary between 25 pounds 
to the square inch to about 120 pounds to the square inch. No appreciable 
leakage in these mains is noticed. Double-faced ordinary sluice valves of 
the best construction are in general use. 


The service mains attain a length of 120 miles, varying in size from 
3 inches to 6 inches in diameter, the minimum size used within the 
borough being now 4 inches and in the country districts 3 inches. Joints 
formed are made similarly to those on distributing mains; the pressures are 
the same. Deacon’s waste-water meters are in use as a means of checking 
waste ; there is also a house-to-house inspection, which also includes inspec- 
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tion and testing of the service mains. As it was found that much corrosion 
arose where the pipes were laid in bad ground, they are now placed in clay, 
the consequence being that there is now no appreciable internal corrosion. 
The service pipes are % inch to 1% inches diameter and chiefly of lead. 

All dwelling houses under $350 rental to be supplied with service pipes of 
not less than % inch diameter; over that rental the service pipes must be 
not less than 3/ inch diameter. They are owned by the Corporation, who 
also keep them in repair, control the connection with the mains and the 
supply to the premises. The present contract price for pipe laid complete is 
as follows : . 

Y%-inch. 3-inch. t-inch. 14-inch. 14-inch. 

per ft. per ft. perits, pera2) perme 


Borough of Cardiff .° > . 434 cts. "16° ‘cts,.” 21 cts, “235%, ete. ee 
Outside Districts. 702°.) 15 ets.” 18% cts, 22 Cis. 25 ee ee 


Meters are in use generally under the following conditions: 


\ 


RENT OF METER AND MINIMUM CHARGES PER QUARTER. 


Quantity Al- 
Minimum Total lowed Per — 


Diameter. ’ Charge Minimum Minimum, ° 
Inches. Meter Rent. for Water. Charges. Gallons. 
ae. $0.62 $1.25 $1.87 3,000 
im es 0.75 1.87 2.02 5,000 
Mace. | 0.87 ai79 4.00 8,000 
anit aaihsedaL 1.25 “— 36 ee 10,000 
tive 1.62 4.62 6.25 13,000 
oo i, ee 2.50 7.50 10.00 22,000 
evan 3.75 11.25 15.00 36,000 
ee 6.25 18.75 25.00 112,000 
Bee. 10.00 25.00 35.00 ‘ 150,000 


The above charges include periodical inspections, testing when required, 
repairs and renewals when necessary by ordinary fair wear and tear. 


‘The Corporation provides all water meters, and fixes the same at the 
expense and risk of the occupier of the premises. No meters are sold to the 
consumers, nor any person supplied through a meter which does not belong 
to the Corporation, but a fair rent is charged to consumers for the use of the 
meters. 


Every meter which is used for the measurement of water supplied by 
the Corporation is so placed as to be capable of easy inspection, and as far 
as may be practicable in a situation where it cannot be affected by frost or 
injured by any other means. In case of any meter being damaged by acci- 
dental or other cause, the consumer bears the cost of any repairs which may 
be necessary to such meter. | di 

No water supplied by the Corporation may be used for power except 
under special agreement. 


‘he meter, pipes, cocks, cisterns, etc., must be open to inspection when- 
ever required, and such information must from time to time be given as will 
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enable the Corporation to obtain a satisfactory account of the quantity of 
water actually taken. 


No tap for domestic purposes in dwelling houses or for drinking pur- 
poses in warehouses, offices and shops will be allowed to be supplied from a 
cistern, but in all such cases drawing-off taps miust be fixed on the service 
' pipe before it enters the cistern, 

The Corporation reserves to itself the right of discontinuing the supply 
at any time so as to meet its obligations for domestic or other supply under 
the Waterworks Acts, or for the purpose of alterations or repairs, or for 
any other purpose, or on being satisfied of misuse of water, or water fittings, 
or apparatus by any consuiner. 

The Waterworks Acts referred to contain the following, the most im- 
portant clauses. They apply to the whole of the British Isles: 


Section 57.—The surveyor or any other person acting under the authority 
of the undertakers may, between the hours of g o’clock in the forenoon and 
4 of the clock in the afternoon, enter into any house or premises supplied 
with water by virtue of this or the special act, in order to examine if there 
be any waste or misuse of such water; and if such surveyor or other person 
at any time be refused adinittance in such dwelling house or premises for 
the purpose aforesaid, or be prevented from making such examination as 

_aforesaid, the undertakers may turn off the water supplied by them from 
such house or other premises (10 Vict., cap. 17). 


Section 15.—The officers of the undertakers may enter any honse, build- 
ing or lands to, through, or into which water is supplied by them by measnre 
in order to inspect the ‘meters, instruments, pipes and apparatus for the 
measuring, conveyance, reception or storage of water, or for the purpose of 
ascertaining the quantity of water supplied or consumed, and may from time 
to time enter any house, building or lands for the purpose of removing any 
meter, instrument, pipe or apparatus the property of the undertakers; aid if 
any person hinders any such officer from entering or making such inspection 
or effecting such removal, he shall for every such offence be liable to a 
penalty not exceeding five pounds; but, except with the consent of a Justice 
or the Sheriff, this power of entry shall be exercised only between the hours. 
of 10 in the forenoon and 4 in the afternoon (26 and 27 Vict., cap. 93). 
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Recent analyses of filtered water 
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The water is not subjected to any aeration, but all the water is filtered, 
after leaving the reservoirs, through sand filters. 

The filter beds are all open. ‘The most important are the Heath Filter 
Beds, six beds capable of filtering 6,099,000 gallons per diem, and Rhubina, 
two beds capable of filtering 100,000 gallons per diem each bed. The water 
flows into the beds from the inlet well over stone sill by gravitation. It is not 
affected by frost or ice except during very severe winters, which seldom occur. 

The filtration media consist of layers of sand and gravel of varying 
degrees of fineness, the total thickness being 3 feet. At the bottom of the 
filter is 6 inches of broken stone, 2 inch to 3/ inch Bauge ; ; on this 3 inches 
of gravel 3f inch to 3% inch; 6 inches of gravel 34 to % inches; 15 hanes of 
sand; iad a top layer of 6 inches of fine sand containing at least 10 per cent. 
by weight which would pass through a sieve 4.900 holes to the square inch. 
Sea gravel and sand which have been carefully washed have been used. 
The filter beds have been designed with the object of allowing 3 feet of water 
on the top of the sand, so that the water may not be unduly heated in the 
summer time. Water is taken from the beds by the main drain passed 
through the measuring chamber into the service reservoirs. The cleaning 
of the sand varies with the time of the year and character of the water. ‘The 
sand is all washed in sand-washing boxes and machines. These machines 
are driven by water pressure from the high-level supply. 

There is no mechanical filtration. > 

The water is analyzed chemically by. the Borough analyst, and bi- 
monthly bacteriological examinations are. made when thought advisable. 
This work is done at the cost of the Corporation, and it is hoped that both — 
systems will be amplified. 

Fire hydrants are fixed upon the mains in ae use, and no separate 
supply is provided. ‘The Fire Brigade is under the control of the Head Con- | 
stable and makes use of three steam fire engines. 

There are no standpipes in use, but a water tower is now building for a 
smal] district, which will be supplied by gravitation. ‘The cast-iron tank on 
the top of the tower will be capable of holding 14,000 gallons. 

There are in use about 2500 fire hydrants of the screw-down pattern 
and of various dimensions. The maximum distance at which they are apart 
is 100 yards, but in the business parts of the town they are much nearer, 

Few water motors are at present used, and no definite regulations have 
been made for their use, but each one is tested before being allowed to operate. 

The same may be aaid of elevators. 

The total cost of the installation of these works was £6, 250,000; the 
working expenses for 1897, $43,740—17.45 per cent. of the gross rosie. 
The number of employees varies considerably. Officials are appointed by 
the Corporation, employees chiefly by the engineer. The wages of em- 
ployees range from $6 to $13.75 per week. ‘The cost of water per million 
gallons is about 16 cents. 

14.9 was the death rate for the year of 1897 per thousand of population, 
rate which is very satisfactory and is no doubt attributable in a great measure 
to the pure water supply. The population supplied is 200,000. No changes 
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